Abstract
50
The challenge remains that sensory attributes in alcohol-free and alcohol-reduced beers 51 differ from those in regular beer. Beers vary in their alcohol content but the majority of beers 52 consumed contain between 3-8% ethanol (Preedy, 2011) . Ethanol is an effective olfactory and 53 trigeminal stimulus, contributing to the warming/burning perception of beer (Clark, Hewson, 54 Bealin-Kelly, et al., 2011a; Green, 1987) . Ethanol also contributes to the perception of different with the other components in beer has been documented (Clark, et al., 2011a) . For example,
59
ethanol interacts with hop acids to suppress a warming sensation at 4.5%, but also interacts 60 with low levels of CO2 to yield an increased alcohol warming sensation (Clark, et al., 2011a) . triangle test, consumers could distinguish between an alcohol free (0.5% ethanol) and regular
75
(5% ethanol) beer but interestingly were not able to identify which was of a higher alcoholic 76 strength, suggesting consumers are not necessarily aware of the characteristics associated with 77 ethanol (Lachenmeier, 2014) . In another study, consumers were able to distinguish between an 78 alcohol-reduced (3.8% ethanol) and regular beer (5.3% ethanol), with the standard strength 79 beer having more overall appeal than the lower strength (Segal & Stockwell, 2009 ). However, 80 these studies did not report consumer liking of the products, which is an important piece of 81 information for innovating a commercially successful product.
82
Beer possesses a highly complex sensory profile (Clark, et al., 2011a) States, an alcohol-free beer is described as having 0% ethanol concentration, a non-alcoholic 125 beer corresponds to a beer containing 0.5% ethanol or less and a lower alcohol beer contains 126 less than 3.5% ethanol. In the United Kingdom, alcohol duty rates are increased when a beer 127 exceeds 2.8% ethanol concentration and so some brewers try to satisfy this target for their lower 
131
To create the 0.5, 2.8 and 5% ethanol samples, 1.7, 9.6 and 17.5 mL of 99.5% food 132 grade ethanol (VWR International, Lutterworth, UK) and 28.3, 20.4 and 12.5mL of still water 133 (Danone, Paris, France) were added, respectively, to 300ml of beer. The 0% ethanol beer also 134 had 30mL of water added to ensure that all samples were treated the same. Commercial bottles 135 of beer (330ml) stored at 4±1°C, were opened as close to sample testing as possible, 30ml was 136 poured out of the bottle, and the relevant ethanol/water solution was added back in after which 137 the bottle was inverted to ensure adequate mixing. Beer samples (30ml) were poured into 138 plastic serving cups and were used within 20 mins of opening. This approach was used to 139 minimise sample handling and limit the decarbonation and volatilisation of the samples. 
Familiarisation Sessions

157
Previous research has shown that a short familiarisation session (7-10 mins) can result 158 in a small increase in consumer ability to discriminate among samples (Jaeger, Beresford, 159 Hunter, et al., 2017). In session one familiarisation involved the explanation and practice of the 160 evaluation protocol for TL and OL. In session two, the TCATA method was described to the (Table 1) were also reviewed to ensure consumers understood them all.
164
For all in-mouth evaluations, the in-mouth protocol remained the same: consumers 165 were asked to place the sample in the mouth and press the green start button immediately, move 166 the sample around in the mouth and then swallow at 10s when a prompt appeared on-screen.
167
Although not necessarily normal drinking behaviour, this enabled the protocol to be controlled 
Overall Liking Measurement
189
Within 30s of completing the TL measurement, consumers assessed their overall liking 190 of the sample using a 9-pt hedonic scale ranging from 'dislike extremely' to 'like extremely'. 
Data Analyses
210
An  risk of 0.05 was set as the level of significance in all data analyses. 
Temporal Liking
224
For each product and consumer, six liking scores were extracted from the temporal data 
Relating Temporal liking to Overall Liking
231
Liking data were extracted for all time points, however only data relating to 10, 20, 40 232 and 60s were subsequently further analysed as no differences in liking were found at 30 and 233 50s. These liking data were modelled against overall liking which had been determined after 234 the 60s evaluation period had ceased (Table 5 ). In order to determine if particular time points 
Multivariate Analysis of TCATA Attributes
262
The relationship between beer samples and TCATA attributes was investigated using 
Results
281
Instrumental Analyses
282
The instrumental analyses confirmed that the planned concentrations of ethanol were 283 achieved. The ANOVA showed that the effect of ethanol concentration was significant (F (3, 284 11) = 897, p=<0.0001) as were associated specific gravity (F (3, 11) =67.8, p=<0.0001) and 285 density values (F (3, 11) = 69.1, p=<0.0001) ( Table 3 shows the average overall liking scores of the three consumer clusters. The 298 ANOVA yielded significant differences for the interaction between sample identity and cluster
299
(F (2, 6) = 15.2, p=<0.0001), indicating that the overall liking of the samples varied with the 300 consumer cluster. Statistically, scores for cluster 1 (C1, n=23) showed significant differences 301 for consumers liking (F (3,91) = 15.7, p=<0.0001) with Tukey test indicating that the overall 302 liking was significantly higher for the 5% beer compared to the 0%, 0.5% and 2.8% samples, 303 which were 'disliked slightly' (p<0.05). Cluster 2 (C2, n=50) showed no significant difference with the Tukey test revealing that the overall liking for the 0%, 0.5% and 2.8% was 308 significantly higher than for the 5% beer, which was rated as 'dislike very much' (p<0.05).
309
Interestingly consumers in this cluster disliked all beer samples.
310
Cluster membership was further explored according to the demographic variables 311 collected in this study which included beer consumption patterns, gender, age and types of beer 312 consumed (e.g. ale and non-alcoholic beer) but low cell numbers meant no inference could be 313 made regarding their effect on cluster membership. In addition to this, the familiarity of beer 314 styles (more specifically non-alcoholic beer) over all consumers was studied, but no significant 315 differences were found to suggest that non-alcoholic beer drinkers rated the 0% sample higher, 316 as might be expected. cluster also clearly disliked the 5% sample the most, particularly after swallowing (p<0.05).
333
The ANOVA performed to compare liking for each sample within a given cluster at each 334 increasing 10s of the evaluation time highlighted some of these differences between the 335 samples. For C1 and C2, no significant differences were found. However, for C3, a difference 336 was found for the 5% ethanol beer (F (5, 143) = 4.31, p=0.001), with the Tukey test showing 337 a significant decrease in liking when assessed at latter time points (40, 50 and 60s), during the 338 aftertaste, compared to the first point which was in mouth, at 10s (p<0.05). 
Relating Temporal Liking to Overall Liking
340
The relationship between liking at a given time point (determined using TL) and overall 341 liking determined at the end of the test (using a 9-pt hedonic scale) was assessed and although 342 clusters showed similar trends there were differences and hence the data was interrogated by 343 cluster (Table 5) .
344
The ordered probit estimates revealed that the time point from the TL data that best 345 predicted overall liking varied with beer sample and cluster. For 0% ethanol, TL at 60s (the 346 end of the evaluation) best predicted overall liking in both C1 (p=0.015) and C2 (p=0.006). (Table 4 ). The citation of the mouthfeel attributes of 366 fullness/body and alcohol warming were higher in the 5% ethanol sample compared to the 0, 367 0.5 and 2.8% ethanol samples (p<0.05). In the citation of the sweet attribute, the 5% ethanol 368 sample was higher than the other three samples, with significant differences also observed 369 between the 0 and 2.8% ethanol samples. 
386
For the 5% ethanol sample, attributes were cited more frequently compared to the 0 and 387 0.5% ethanol samples. Malty flavour was cited less often (p<0.05) from~15 to 60s and bitter 388 from~16 to 60s. Sour was highlighted as an attribute being cited significantly less (p<0.05) 389 from~30 to 40s and hoppy flavour from~25 to 37s. Alcohol warming sensation was cited 390 significantly more often (p<0.05) in the 5% beer between~55 and 60s. for each beer sample start at the top left (t=0) where the citation rate for all attributes is 0. As 406 this biplot is not a continuous loop, it shows that consumers were still perceiving attributes up 407 until the end of the evaluation at 60s. As evaluated by citation frequency, the early onset 408 attributes in the beer samples were tingly, fullness and sweet occurring around~10s. The 409 delayed onset attributes, appearing at~45s, were identified as astringent and malty and they 410 were more associated with the beer aftertaste.
411
When comparing the beer samples in their temporal evolution, the 0 and 0.5% ethanol 412 samples displayed similar profiles, as the trajectories show these samples initially described as 413 tingly, evolving to become more sour and ending with being described as having malty and 414 astringent aftertastes. The 2.8% ethanol sample again was initially described as tingly, however 415 there was a more delayed onset of alcohol warming sensation and fruity, finishing with bitter 416 and hoppy aftertastes. The 5% ethanol sample was initially described as tingly, but also 417 displayed delayed onset attributes of fullness, sweet, fruity and warming, with a sour and hoppy 418 aftertaste. driver of liking for all samples (p=0.048 for 0% ethanol; p<0.0001 for 0.5% and 2.8% ethanol); 433 however, at 5%, it became a significant positive driver of liking (p=0.011).
434
For C2 (Table 6) 
443
For C3 (Table 6) 
Discussion
459
The market for low alcohol beer is increasing rapidly and so an understanding of the 460 sensory properties that ethanol contributes to a beer is important. Here the impact of ethanol 461 on the temporal sensory signature and temporal, as well as overall liking was investigated.
462
Furthermore, whether a particular time point related to overall liking was explored, as were the 463 temporal sensory drivers of liking.
464
The instrumental analysis confirmed ethanol concentrations of the beer samples to be 465 in the regions of 0, 0.5, 2.8 and 5%, and showed significant differences among samples in terms results cannot be applied directly, however no research has been done for beer. Therefore, it 473 can be concluded that these parameters were unlikely to have contributed to a sensory 474 difference across the beer samples. 
The influence of ethanol concentration on liking
476
In the initial analysis of overall liking of the four beer samples, no significant 477 differences were found. However, with the application of cluster analysis, three consumer 
491
It is important to note that the number of consumers for C1 and C3 were too low to draw curves for temporal liking for the whole assessment procedure from~2.5s to 30s (Veldhuizen, 505 Wuister, et al., 2006). However, in a temporal study of liking of cheese, the most liked products 506 overall were found to be liked significantly less at the beginning of evaluation, but this may be 507 due to the change in product matrix through mastication (Thomas, et al., 2015) . Therefore a 
511
In the current study, the liking of all clusters was shown to be significantly stable 512 throughout the 60s evaluation period. Although the figures show some variability in liking for 513 all products between 0-15s, further analysis at earlier time points (5s and 8s) showed no 514 significant differences in liking between time points (p>0.05). This may have been because 515 liking by some consumers was registered as late as 26s into the evaluation period which may 516 not reflect the normal experience for a consumer. Generally, temporal liking was found to be 517 more discriminating than overall liking, with changes seen over the 60s consumption period.
518
In C1, the temporal liking of the most liked sample (5% ethanol concentration) is maintained 
Relating overall liking to temporal liking
523
The relationship between OL and TL was assessed to see at which time point consumers 524 might base their overall liking. One of the main findings from this study was that OL and TL 525 results gave consistent sample rankings for each cluster. In addition to this, TL evaluations 526 were found to be fairly stable over time for all clusters, although they did highlight a drop in 527 liking for some samples after swallowing. Only two studies to our knowledge (Sudre, et al., at 17s, with the total consumption experience being 36s, thus describing more of the first 532 impression of the product rather than after swallowing/aftertaste of the product (Sudre, et al., 533 2012; Thomas, et al., 2015) . Interestingly, in the current study, there was not a particular time 534 that best related to liking. It appeared to be dependent on ethanol concentration. As ethanol 535 concentration increased in the beer samples, the time during the temporal evaluation that best 536 related to overall liking shifted. For C1, as ethanol concentration increased from 0% to 5%, the 537 time point that significantly related to overall liking decreased from 60s to 10s.The liking of 538 the most liked sample (5%) in C1 was maintained throughout evaluation, with the lower ethanol 539 concentration products diminishing in liking after swallowing. For C3 the overall liking did 540 not significantly relate to temporal liking for any samples, apart from the 5% sample (at 20s), 541 which was the most disliked product. This suggests that the highly liked and disliked products 542 within each cluster related best to overall liking earlier on into evaluation. It could also have 543 been due to familiarity of the beer, as the 5% sample is assumed to be closer to the consumers' 544 expectations and so could be easier for them to evaluate. In addition, as consumers followed a 545 strict procedure to drink the beer, this likely influenced their overall liking. Looking deeper 546 into the data C1 (who preferred the 5% sample) and C3 (who disliked the 5% sample most) 547 were found to perceive the ethanol related attribute of sweetness at 10s significantly more than 548 C2 and so it could be deduced that these consumers either liked or disliked this respectively, 549 which formed their overall liking score. Finally, the use of TL should be discussed based on 550 the results of this study. TL for consumers appeared to be an easy task, but, not surprisingly, 551 was longer and more cumbersome compared to OL. It gave stable results over time. TL 552 evaluation may be well suited to foods where clear consumption periods can be defined (e.g 553 mastication, swallow, aftertaste) or for drinks with strong aftertastes (e.g bitter tea, coffee, 554 wine) to understand the change in liking over these periods of consumption. Overall, the TCATA curves showed a difference in temporal sensory profiles among 558 all beer samples over time. As ethanol concentration in the beer sample increased, the citation 559 of alcohol warming sensation increased, following results from other research in beer (Clark, 560 et al., 2011a). However, interestingly in the current study, alcohol warming sensation was only 561 significantly cited more often during the~55 to 60s time period in the 5% ethanol beer sample, 562 reflecting its later presentation. This later presentation may have been due to the interaction 563 effect of other factors within the beer, including the presence of carbon dioxide and hop acids, 564 which have both been found to suppress warming sensation (Clark, et al., 2011a) .
565
CO2 has also been found to interact with ethanol at lower ethanol concentrations (0, 566 2.25 and 4.5%) to modify warming sensation; this may explain why alcohol warming sensation 567 was still cited at the 0% and 0.5% ethanol levels in the beer samples (Clark, et al., 2011a) . It 568 has also been speculated that this could have been due to the irritation from the carbonic acid (Conner, et al., 1998) .
589
No significant differences were found in the current study in the overall citation rates 590 of astringency, but when looking at the temporal evaluation of this attribute the lower alcohol 591 samples were found to be significantly more astringent towards the end of consumption time,
592
with this attribute being temporally negatively correlated with PC2.
593
The onset of attributes also differed in that some attributes were cited more frequently 594 earlier in the evaluation time, while others were delayed and thus were cited later in the 595 evaluation time. For all beer samples, tingly sensation was one of the first attributes to appear. 
Influence of temporal sensory attributes on TL
605
Acceptance of the beer samples was also contextualized by an examination of the 606 TCATA attributes. Thomas, et al. (2015) found that the dominance of attributes plays a role in which reflects the fact that this was the largest beer consumer cluster. Consumers within C2 626 disliked astringent and tingly sensations when the ethanol concentration was increased to 0.5%, 627 and ethanol has been found to enhance both of these sensations.
628
C3 (who disliked the 5% sample most) enjoyed sourness and tingly sensations and 629 disliked alcohol, bitter and sweet attributes perceived within the 5% sample. All these attributes 630 can be related to the added ethanol within the beer and the interactions between the components 631 impacting sensory perception (Clark, et al., 2011a) . Conclusions can be drawn from this study 
